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1. INTRODUCTION {#eje12381-sec-0005}
===============

Progress testing (PT) is a special form of longitudinal and feedback‐oriented assessment performed at regular intervals and usually based on multiple choice items. It was first introduced by the University of Missouri Kansas City School of Medicine and Maastricht University in the 1970s as a novel assessment tool in the undergraduate academic world.[1](#eje12381-bib-0001){ref-type="ref"}, [2](#eje12381-bib-0002){ref-type="ref"}, [3](#eje12381-bib-0003){ref-type="ref"}, [4](#eje12381-bib-0004){ref-type="ref"} The basic intention of progress testing is the evaluation of the growth of knowledge during the course of an educational programme, motivating students to break the link between learning and examination.[2](#eje12381-bib-0002){ref-type="ref"}, [3](#eje12381-bib-0003){ref-type="ref"}, [4](#eje12381-bib-0004){ref-type="ref"} Instead of plain repetition of facts they have learned, examinees are encouraged to call up and apply acquired information from their long‐term memory.[1](#eje12381-bib-0001){ref-type="ref"}, [3](#eje12381-bib-0003){ref-type="ref"}, [4](#eje12381-bib-0004){ref-type="ref"}, [5](#eje12381-bib-0005){ref-type="ref"} Consequently, the PT is a tool from which students as well as educators can benefit in various ways. It helps to trace the educational development of students, allows detailed feedback and identifies gaps in knowledge.[6](#eje12381-bib-0006){ref-type="ref"} In addition, PT is not course specific, but comprehensive and suitable for internal and external evaluation over the boundaries of courses and curricula.[3](#eje12381-bib-0003){ref-type="ref"}, [7](#eje12381-bib-0007){ref-type="ref"}, [8](#eje12381-bib-0008){ref-type="ref"}, [9](#eje12381-bib-0009){ref-type="ref"}, [10](#eje12381-bib-0010){ref-type="ref"}, [11](#eje12381-bib-0011){ref-type="ref"}

Single tests mostly consist of multiple‐choice items and are given at regular intervals. Each test assumes a comprehensive final‐exam level of knowledge for a particular subject. In contrast to the usual multiple‐choice answers there is an additional "don\'t know" (dk) option to prevent students from guessing and to identify learning objectives they have not yet mastered. Items are usually taken from a pool previously compiled by specially trained educators that reflect predefined learning objectives.[3](#eje12381-bib-0003){ref-type="ref"}, [12](#eje12381-bib-0012){ref-type="ref"}

Progress testing is now an established instrument in human medical curricula throughout Europe, including many German‐speaking universities, and internationally. The Medical University of Graz, for instance, has applied this test format yearly since 2008 in the human medical curriculum in cooperation with the Charité University Hospital in Berlin.[8](#eje12381-bib-0008){ref-type="ref"}, [9](#eje12381-bib-0009){ref-type="ref"}, [13](#eje12381-bib-0013){ref-type="ref"}, [14](#eje12381-bib-0014){ref-type="ref"}

This kind of tool is not, however, widespread in dental education. A Pubmed search produced only results for a dental progress test (DPT) for a Bachelor of Dental Surgery Programme and for a Dental Therapy and Hygiene Programme in the Peninsula School of Dentistry in Plymouth, UK.[12](#eje12381-bib-0012){ref-type="ref"}, [15](#eje12381-bib-0015){ref-type="ref"}, [16](#eje12381-bib-0016){ref-type="ref"} Since no German‐language DPT is presently available, this prospective study aimed to develop and implement a reliable German‐language DPT for the undergraduate dental curriculum at the Dental School of Medical University of Graz (Austria).

2. MATERIALS AND METHODS {#eje12381-sec-0006}
========================

In 2016 and 2017, all 4th‐6th‐year (7th‐12th terms) students at the Dental School of the Medical University of Graz were required to participate in this prospective study. Compulsory attendance was approved by the local Advisory Committee on Dental Study Affairs. Based on enrolment of 12 students per term, up to 72 students were expected, comprising men and women, mainly from Austria, but also from Germany and Southeastern European countries.

The Ethics Committee of Medical University of Graz reported no concerns about performance of this study.

2.1. DPT development {#eje12381-sec-0007}
--------------------

The DPT project was developed by a senior staff member at the Division of Oral Surgery and Orthodontics with 10 years of experience in dental education and specially trained in the formulation of multiple choice (MC) questions. A pool of 375 single‐best and true/false (K‐type) MC items was designed and stored password protected at the IMS^2^ Item Management System (Umbrella Consortium for Assessment Networks, Heidelberg, Germany). Each item contained an explanatory introduction or case vignette, the question text itself and 5‐6 possible answers, only 1 of which the correct key answer was. Each question contained a "Don\'t know" (dk) option as a special feature of this progress test and depending on the topic, the author chose either 3 or 4 distractors. There were no double negatives. All items were at final exam level for the fields of "oral surgery," "oral medicine," "oral radiology" and "cases." Fields included subcategories and correlated with the local catalogue of learning objectives pursued in the course of clinical dental training. Clinical images and radiographs were also included in 95 items to simulate routine dental practice (Figure [1](#eje12381-fig-0001){ref-type="fig"}).

![Description of item pool development](EJE-22-e698-g001){#eje12381-fig-0001}

2.2. MC question review {#eje12381-sec-0008}
-----------------------

Each question underwent a multistage review process. The first factual group review was performed in‐house by a review committee of 4 senior academics. A second individual review by senior staff members followed. A third further individual review was by senior academics at Dental School of Medical University of Vienna. Before final inclusion in the question pool, there was an additional formal review by the local examination department (Figure [1](#eje12381-fig-0001){ref-type="fig"}).

2.3. Test schedule and content details {#eje12381-sec-0009}
--------------------------------------

In the course of this project, 3 progress tests were administered within 3 consecutive terms in 2016 and 2017 (Figure [2](#eje12381-fig-0002){ref-type="fig"}). For each test, 100 items were randomly selected based on a predesigned blueprint containing the 4 categories "oral surgery," "oral medicine," "oral radiology" and "cases." In detail, each test consisted of 30 items from "oral surgery" including diagnostics, indications, surgery techniques, instruments, complication management and implant surgery, 30 from "oral radiology" including X‐ray techniques, radiation protection and image interpretation, 20 from "cases" containing realistic everyday case vignettes and 20 from "oral medicine" including 5 items from the subfield of "local anaesthesia" and 5 from the subfield "acute pain management." No items were repeated. There was a 3‐hour time limit for the computer‐based test. Correct answers were scored +1, false answers −1 and 0 points were given for dk options. Participation was mandatory, but the results did not affect the students' grades; accordingly, DPT performance did not influence pass/fail decisions. The students did, however, receive feedback on their scores concerning number of correct, incorrect and don\'t know responses, their rank in class and their rank in the total cohort. The best performers were rewarded, eg with free congress registration and items from the university shop to increase motivation. For low achievers, their results helped identify knowledge gaps that individually assigned tutors could help to fill in.

![Test performance, Tests 1‐3, each containing 100 different questions from the pool of 375 items. Student cohorts A‐H (separated according to academic year 4‐5, or, respectively, terms 7‐12) reaching the next higher term (marked with →) or graduating in the course of the 3 tests](EJE-22-e698-g002){#eje12381-fig-0002}

2.4. Post‐review {#eje12381-sec-0010}
----------------

The post‐review committee analysed each test. Exclusion criteria were applied before the final evaluation. Reasons for exclusion from analysis were technical problems during test administration, eg projection of images or items with the wrong answer options.

2.5. Statistical analysis {#eje12381-sec-0011}
-------------------------

Data were analysed anonymously and blinded after the third test. They are presented as median and inter‐quartile range (IQR) or absolute and relative numbers. After an extensive descriptive analysis, Rasch analysis was used to evaluate the test and identify misfitting items. For Rasch analysis, the response categories "don\'t know" (0) and "false" (−1) were collapsed into "false." Any items with only correct answers or only false answers were to be excluded from analysis. Item parameters and person parameters were estimated using response patterns and were expressed on a common log‐odds scale. To identify items that did not fit into a unidimensional model or had different item parameters ($\hat{\beta}$) in subsamples of respondents (sample independence), infit and outfit measures (mean square statistics) and the Wald test were applied. To evaluate the assumption of parallel item characteristic curves (ICC), Andersen\'s likelihood‐ratio tests for goodness‐of‐fit with mean split criterion were calculated. Person‐item maps were created. As a measure of internal consistency, the person separation reliability was calculated. Since item dependency can inflate reliability, a second analysis was made grouping the items of the 4 thematic fields into 4 polytomous items. For these datasets of 4 polytomous items the reliability was also calculated. All analyses were done separately for the 3 time points using the R‐package eRm (Version 0.15‐7)[17](#eje12381-bib-0017){ref-type="ref"} and mirt (Version 1.27.1).[18](#eje12381-bib-0018){ref-type="ref"}

3. RESULTS {#eje12381-sec-0012}
==========

3.1. Overall results {#eje12381-sec-0013}
--------------------

Overall 173 students including of men and women at a ratio of 1:0.7 sat for 3 tests. Three hundred MC items (100 per test) were primarily included, 6 of which were excluded by the test administrator after the post‐review process because of mistakes in the answer options or technical problems with clinical photographs and radiographs. Overall, 59.7% of the item responses were "correct," 27.0% were "false" and 13.3% were answered with "don\'t know," with similar results for all 3 time points (Table [1](#eje12381-tbl-0001){ref-type="table"}).

###### 

Overview of responses, analysed items and final item pool

                                                    Overall   Test 1              Test 2              Test 3
  ------------------------------------------------- --------- ------------------- ------------------- -------------------
  Correct answer (%)                                59.7      61.6                56.0                62.1
  False answer (%)                                  27.0      26.6                27.8                26.5
  Don\'t know (%)                                   13.3      11.8                16.3                11.4
  Items with all responses correct                  0         0                   0                   0
  Items with all responses false or "don\'t know"   0         0                   0                   0
  Analysed Items                                    294       98                  99                  97
  Items excluded because of                                                                           
   ... sample dependency                            75        23                  30                  22
   ... outfit MS statistics                         3         0                   1                   2
   ... infit MS statistics                          0         0                   0                   0
   ... inappropriate response pattern               1         0                   0                   2
  Final number of items                                                                               
   All items                                        215       75                  68                  71
   Oral surgery items                               62        23                  20                  19
   Oral medicine items                              47        17                  15                  15
   Oral radiology items                             62        21                  19                  22
   Cases items                                      43        14                  14                  15
  Andersen\'s LR‐Test (χ^2^; *df*;*P*‐value)                  51.071; 74; 0.981   57.044; 67; 0.802   54.559; 70; 0.913
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3.2. Test results {#eje12381-sec-0014}
-----------------

In Test 2 the number of correct answers increased from term 7/8 (4th year) to 9/10 (5th year) (*P* \< .001) and 7/8 to 11/12 (6th year) (*P* = .002) (term 7/8: median number correct answers: 48, IQR: 42‐55; term 9/10: 61, 55‐69; term 11/12: 60, 51‐67). In the other 2 tests, the number of correct answers did not increase. In Test 1 and Test 2 the number of "don\'t know" decreased from term 7/8 to 9/10 (Test 1: *P* = .003; Test 2: *P* \< .001) and 7/8 to 11/12 (Test 1: *P* \< .001, Test 2: *P* \< .001) (Test 1: term 7/8: median number "don\'t know" answers: 19, IQR: 10‐29; term 9/10: 6, 2‐13; term 11/12: 2, 0‐5; Test 2: term 7/8: median number "don\'t know" answers: 24, IQR: 18‐32; term 9/10: 8, 5‐15; term 11/12: 7, 2‐12). The number of false answers increased in Test 1 from term 7/8 to 9/10 (*P* = .009) and 7/8 to 11/12 (*P* = .022) (term 7/8: median number false answers: 19, IQR: 14‐25; term 9/10: 26, 22‐38; term 11/12: 25, 20‐34).

3.3. Item analysis {#eje12381-sec-0015}
------------------

No item had to be excluded because all respondents had answered correctly or all had answered "false"/"don\'t know." A quarter (25.5%, n = 75) of the items had to be excluded due to the sample dependency, 1.0% (n = 3) because of too high or too low MSQ outfit statistics, none because of too high or too low MSQ infit statistics and 0.7% (n = 2) due to inappropriate response patterns within subgroups. These analyses resulted in 75 (Test 1), 68 (Test 2) and 72 (Test 3) items. The assumption of parallel ICC was met in all 3 tests (test 1: χ^2^ = 51.071, *df* = 74, *P* = .981; test 2: χ^2^ = 57.044, *df* = 67, *P* = .802; test 3: χ^2^ = 58.443, *df* = 72, *P* = .876). Person separation reliability was 0.88 for test 1, 0.86 for test 2 and 0.82 for test 3. Using the 4 polytomous score for the thematic field instead of all items, reliability decreased to 0.87 for test 1, 0.83 for test 2 and 0.77 for test 3. In all 3 tests, item difficulties for the thematic fields "oral medicine," "oral radiology" and "cases" were similarly distributed across the latent dimensions. Whilst this is also true for "oral surgery" for Test 1, there were fewer difficult items for "oral surgery" in Test 2 and fewer easy items for "oral surgery" in Test 3. Using trait estimations, which were calculated using Rasch models, there was no significant increase in the measured latent trait (term 7/8: 0.23 ± 0.60; term 9/10: 0.40 ± 0.81; term 11/12: 0.64 ± 0.92) in Test 1. There was a significant increase from term 7/8 to 9/10 (*P* \< .001) and 7/8 to 11/12 (*P* = .001) (term 7/8: −0.12 ± 0.77; term 9/10: 0.70 ± 0.62; term 11/12: 0.64 ± 0.62) in Test 2 and a significant increase from term 7/8 to 9/10 (*P* = .043) in Test 3 (term 7/8: 0.40 ± 0.57; term 9/10: 0.84 ± 0.64; term 11/12: 0.63 ± 0.69) (Figures [3](#eje12381-fig-0003){ref-type="fig"}, [4](#eje12381-fig-0004){ref-type="fig"}, [5](#eje12381-fig-0005){ref-type="fig"}).

![Person Item Map Test 1; Distribution of item difficulties within test 1, separated in the 4 subcategories Oral Surgery, Oral Radiology, Oral Medicine and Cases. Each point is showing the difficulty level of an item from difficult to easy (left to right), while the bars are showing the number of students with a certain ability level](EJE-22-e698-g003){#eje12381-fig-0003}

![Person Item Map Test 2; Distribution of item difficulties within test 2, separated in the 4 subcategories Oral Surgery, Oral Radiology, Oral Medicine and Cases. Each point is showing the difficulty level of an item from difficult to easy (left to right), while the bars are showing the number of students with a certain ability level](EJE-22-e698-g004){#eje12381-fig-0004}

![Person Item Map Test 3; Distribution of item difficulties within test 2, separated in the 4 subcategories Oral Surgery, Oral Radiology, Oral Medicine and Cases. Each point is showing the difficulty level of an item from difficult to easy (left to right), while the bars are showing the number of students with a certain ability level](EJE-22-e698-g005){#eje12381-fig-0005}

4. DISCUSSION {#eje12381-sec-0016}
=============

This new DPT is appropriate for testing dental students and is well balanced for the target group (Table [1](#eje12381-tbl-0001){ref-type="table"}; Figures [3](#eje12381-fig-0003){ref-type="fig"}, [4](#eje12381-fig-0004){ref-type="fig"}, [5](#eje12381-fig-0005){ref-type="fig"}).

To the best of our knowledge this is the first study to report the implementation of a German‐language progress test in an undergraduate dental curriculum. Whilst well established in human medical curricula in Europe and beyond since the 1970s, the situation in dental education is different. To date, only the Dental School at the University in Plymouth (UK) is known to have established a DPT in different educational programmes.[4](#eje12381-bib-0004){ref-type="ref"}, [15](#eje12381-bib-0015){ref-type="ref"}, [16](#eje12381-bib-0016){ref-type="ref"} Wider use of PT in dental education should be pursued, as it is an essential source of information for dental educators as advocates for high‐quality patient care, and for students as a meaningful feedback instrument.[15](#eje12381-bib-0015){ref-type="ref"}, [19](#eje12381-bib-0019){ref-type="ref"}, [20](#eje12381-bib-0020){ref-type="ref"}

In our DPT in its present form, overall numbers of "correct," "false" and "don\'t know" answers are similar to other PTs used in human and dental medical curricula (Table [1](#eje12381-tbl-0001){ref-type="table"}).[4](#eje12381-bib-0004){ref-type="ref"}, [6](#eje12381-bib-0006){ref-type="ref"}, [7](#eje12381-bib-0007){ref-type="ref"}, [9](#eje12381-bib-0009){ref-type="ref"}, [15](#eje12381-bib-0015){ref-type="ref"}, [19](#eje12381-bib-0019){ref-type="ref"}, [20](#eje12381-bib-0020){ref-type="ref"}, [21](#eje12381-bib-0021){ref-type="ref"} Separate evaluation of all 3 tests administered showed similar ratings for each (Table [1](#eje12381-tbl-0001){ref-type="table"}), even though cohort composition and items varied. The reliability of our tests ranged from 0.82 to 0.88 (0.77‐0.87), indicating good internal consistency. Compared to other PTs these values are similar or slightly higher.[22](#eje12381-bib-0022){ref-type="ref"}, [23](#eje12381-bib-0023){ref-type="ref"}, [24](#eje12381-bib-0024){ref-type="ref"}

The congruity of our DPT question pool is supported by a similar unidimensional distribution of the 215 items ultimately selected for the test, satisfying the assumptions for Rasch analysis, and a pleasingly consistent distribution between the categories "oral surgery," "oral medicine," "oral radiology" and "cases" (Table [1](#eje12381-tbl-0001){ref-type="table"}). After linking these 3 tests with anchor items, an appropriate item bank for further testing can be provided. The application of IRT methods will also allow inclusion of new items and their calibration within the existing test.

Generally, DPT items varied in difficulty within each of the 3 different tests; they fit to the trait distribution of the tested students and lay within a preferable range (Figures [3](#eje12381-fig-0003){ref-type="fig"}, [4](#eje12381-fig-0004){ref-type="fig"}, [5](#eje12381-fig-0005){ref-type="fig"}).[25](#eje12381-bib-0025){ref-type="ref"}, [26](#eje12381-bib-0026){ref-type="ref"} Distribution of item difficulties was good for 3 out of 4 categories, with deviations only in "oral surgery," with missing easy items in 1 test and lack of difficult items in another (Figures [4](#eje12381-fig-0004){ref-type="fig"} and [5](#eje12381-fig-0005){ref-type="fig"}). The decision to split the item pool in groups of hundreds and administer 3 tests was made to achieve an acceptable test length, considering the small number of different fields and the long time needed to complete the test. Therefore, and in contrast to established PTs, the difficulty parameters and the trait estimations between tests are not comparable.[7](#eje12381-bib-0007){ref-type="ref"}, [9](#eje12381-bib-0009){ref-type="ref"}, [15](#eje12381-bib-0015){ref-type="ref"}, [21](#eje12381-bib-0021){ref-type="ref"}, [26](#eje12381-bib-0026){ref-type="ref"} To get comparable difficulty parameters and therefore trait estimations on the same scale, items will be chosen from all 3 tests representing a wide difficulty range within each test and will be analysed together.

Based on the evaluation of the test results, there was a significant increase in "correct" answers according to length of training, indicating growth of knowledge, though only in 1 of 3 tests. Additionally, there was a significant decrease of "dk" answers as well as fewer "false" responses in 2 tests. These results basically conform to reported characteristics of other PTs.[4](#eje12381-bib-0004){ref-type="ref"}, [7](#eje12381-bib-0007){ref-type="ref"}, [9](#eje12381-bib-0009){ref-type="ref"}, [15](#eje12381-bib-0015){ref-type="ref"}, [21](#eje12381-bib-0021){ref-type="ref"}

We chose to give our DPT to more advanced students doing their clinical work, assuming that their growth of knowledge would be more transparent. First‐year students cannot be expected to have good results, but with more senior students, our DPT could be expected to motivate rather than demotivate.[7](#eje12381-bib-0007){ref-type="ref"}, [9](#eje12381-bib-0009){ref-type="ref"}, [12](#eje12381-bib-0012){ref-type="ref"} Furthermore, PT\'s formative character (non‐relevance for grades), as chosen for this DPT, does in fact tend to prevent interference with the curriculum, in that it is not an extra burden for students, does not influence formal evaluation of the student\'s progress and provides an ad hoc picture of spontaneously recalled knowledge.[14](#eje12381-bib-0014){ref-type="ref"}, [27](#eje12381-bib-0027){ref-type="ref"} However, according to Albano et al,[28](#eje12381-bib-0028){ref-type="ref"} growth curves can be more irregular, with more ups and downs at a formative design, as seen with this DPT. To counter the potentially negative aspect of high variance of motivation, best performers were rewarded. Moreover, the changes in cohort composition from term to term also could have influenced results.[14](#eje12381-bib-0014){ref-type="ref"}, [27](#eje12381-bib-0027){ref-type="ref"}, [28](#eje12381-bib-0028){ref-type="ref"}

Some further limitations of this study have to be mentioned. The Item pool was limited to 375 questions for 2 main reasons. First, the items were written by a single author whilest the project was being developed, and second the presented DPT only concerns the surgical part of the undergraduate dental curriculum at the Medical University of Graz. Furthermore, the study period, defined as 3 consecutive terms and representing a pilot phase, produced only a small number of evaluable tests, items and cohorts. Despite these limitations the presented evaluation will be important for future development of our DPT. Concerning the number of participating students, the limited group capacity of 12 students per term, or 24 students per year, has to be kept in mind. This makes it all the more important to continue data acquisition with DPT.

Overall, PT is a good technique for longitudinal assessment that lets students prepare more continuously. It is not restricted to any particular form of curriculum; however, differing results are sensitive information and have to be handled with care.[29](#eje12381-bib-0029){ref-type="ref"} Several reports, including a recently published position paper, "The Graduating European Dentist",[19](#eje12381-bib-0019){ref-type="ref"} show clear advantages of quality control in educational programmes. Results of PT can be divided into many different sub‐scores, so providing a rich source of information. Early detection of high and low achievers may identify a need for individualised support. PT can be offered additionally to other exams or can be implemented as an important grade‐relevant periodical assessment. No matter how PT is implemented, longitudinal data collection allows more prediction of future competence and/or performance than 1‐time assessments and could permit comparison of graduating dentists with the wider educational community, national or international. However, beside many advantages, disadvantages like high workload and costs, especially for development and item bank administration, can be major hurdles in implementing PT.[4](#eje12381-bib-0004){ref-type="ref"}, [13](#eje12381-bib-0013){ref-type="ref"}, [19](#eje12381-bib-0019){ref-type="ref"}, [20](#eje12381-bib-0020){ref-type="ref"}, [29](#eje12381-bib-0029){ref-type="ref"}, [30](#eje12381-bib-0030){ref-type="ref"}, [31](#eje12381-bib-0031){ref-type="ref"}

5. CONCLUSION {#eje12381-sec-0017}
=============

Targeting the aim of the presented study, our DPT resulted in a homogeneous distribution of response behaviour, a consistent spread of included and excluded items within the separate tests and fields and a satisfactory range of difficulty of the questions. Growth of knowledge during the clinical educational programme was also documented. Consequently, this introduction of our German‐language DPT can be deemed a success.

Our DPT offered an innovative, comprehensive survey of students' knowledge and provides fresh impulses for the educational programme at our dental school.

To obtain a common metric across the items in our 3 tests, we plan a combined test with selected items.

Finally, national or international collaboration to extend the item pool, share resources and compare results would be a desirable perspective.
